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temperature, was calculated to bring about and to foster in the greatest 
degree. In this manner our coal-beds might have been stored; for it is 
hardly possible to conceive their formation under circumstances such as 
now exist. I conceive, moreover, that such a growth as I have described 
would have been highly necessary, in order to make a vegetable mould to 
mix with, and assist in the disintegration of the inorganic soil that must 
at first have formed the surface of the ground. 

But the world was not destined to be the scene of the life and death of 
vegetation merely; and everything tended but to that higher purpose. 

The cooling proceeds to a yet lower temperature; the large amount of 
vapour which before had shrouded the earth began to be deposited freely; 
the sky often exhibited its blue tint; and, generally, meteorological pro
cesses were more in accordance with what they are at the present time. 
Vegetation now was required for the food of animal life, and therefore the 
sun-light, as well as heat and carbon, was necessary for its higher develop
ment. I conceive that it was at this epoch the two great lights were created 
which were to rule the day and night; for, although the sun was doubtless 
present when the rest of the system was made, the little light that pene
trated the earth was only sufficient to distinguish day from night. 

It is not necessary that I should follow up step by step the gradual cool
ing down of the atmosphere till it reached its present average temperature, 
which point it arrived at when the state of the sky no longer permitted 
the retention of heat, but, on the other hand, offered no resistance to the 
entrance of the radiated heat from the sun. The earth then derived its 
heat from the sun alone; a supply that is continually being received and 
given off", so keeping up a proper balance over the whole globe. 

These notes on ancient temperatures are merely thrown out as sugges
tions, and not as final results, the product of any close investigation into 
the subject; I therefore beg that they will be received as such. 

I had intended to offer some remarks on the latter portion of the paper, 
" the grand physical operations " that you conceive to have been at work 
in bringing about changes in the condition of our planet, but I fear that I 
have already extended my note beyond prudent limits, and therefore will 
defer any further observations, and remain, Sir, faithfully yours, 

HENBY C. CEISWICK. 
Greenwich, February, 1864. 
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ROYAL INSTITUTION.—January 29.—" On the Glacial Epoch." By Pro
fessor Frankland, F.R.S.—Amongst the circumstances that have pro
foundly influenced the present physical condition of our earth, the action 
of ancient glaciers upon a scale of almost inconceivable magnitude has been 
gradually but irresistibly forcing itself upon the notice of philosophers 
since their attention was first called to it by Venetz and Esmark. There 
are few elevated regions in any quarter of the globe which do not exhibit 
indubitable evidence of the characteristic grinding and polishing action of 
ice-masses, although at present, perhaps, they are scarcely streaked by the 
snows of winter. In our own country the researches of Buckland, and 
especially of Bamsay, have clearly shown that the Highlands of Scotland, 
the mountains of Wales and Cumberland, and the limestone crags of York-
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shire, abound in these roches moutonnds, which leave no doubt that the 
valleys of those mountain ranges were once filled with glaciers of dimen
sions unsurpassed, if even equalled, by those which at the present day 
stream down the sides of their gigantic Swiss rivals. Nor was this per
petual ice of a former age confined to localities where no such phenomenon 
is now seen, but numerous observations have established that the glaciers 
of the present age, existing in Switzerland, Norway, and elsewhere, are 
but the nearly dried-up streamlets of ancient ice-rivers of enormous size. 
These glaciers have eroded the Alpine valleys, of which they once held 
possession, have carved out the lochs and kyles of Scotland, as well as the 
grander fjords of Norway, and have contributed in a most essential man
ner to the present aspect of our mountain scenery. Ramsay and Tyndall 
have recently called attention to this action of ancient glaciers, and have 
contended, with considerable plausibility—the former that the lake basins, 
the latter that the valleys of the Alps, have been thus, in great part, 
scooped out. In no part of the world, perhaps, can the phenomena of the 
glacial epoch be more advantageously studied than in Norway, where the 
ice-scarred coasts and fjords are still fully exposed to Che eye of the ob
server, side by side with the ocean, which furnished the crystalline mate
rial that formerly covered them. Two thousand miles of coast, from 
Christiania to the North Cape, afford almost uninterrupted evidence of the 
vast ice-operations which, during the epoch in question, moulded nearly 
every feature of this remarkable country. Starting from Christiania, the 
traveller cannot fail to remark the peculiar appearance of the gneiss and 
granite rocks composing the coast, as well as the innumerable islands, 
which, forming a great natural breakwater, protect the shore from the 
heavy seas rolling in from the Atlantic. These rocks, here rarely rising 
to the height of 800 or 900 feet, present nothing of that sharp and rugged 
outline which generally characterizes such formations. On the contrary, 
they are smoothed even to their summits, all their angles worn off, and 
every trace of boldness and asperity effaced. To the casual and unin-
structed observer the action of the sea suggests itself as a sufficient cause 
of these appearances; but it does not require much scrutiny to be con
vinced that the ocean waves have had little to do with this smoothing and 
polishing of the coast, since it is the surfaces sloping towards the land that 
are most acted upon ; whilst in some places, where the rock descends pre
cipitously towards the sea, and is subject to the dash of the waves, it has 
been protected from the abrading action, and presents merely a weathered 
surface. 

Bounding the promontory of the Naze and proceeding northward, the 
coast presents, with slight exceptions, the same general features until the 
Arctic circle is approached, when the character of the scenery rather sud
denly changes. The rocky hills acquire the dignity of mountains, and 
tower up in rugged, sharp, and fantastic peaks, contrasting strongly with 
the rounded summits of the lower latitudes. But these arctic peaks owe 
their immunity from the abrading action of ice solely to their height; 
around their bases, and even high up their sides, the slow surges of the 
moving glacial sea have made their unmistakable marks, grinding, and 
even undercutting, them into most extraordinary forms, as fine instances 
of which may be mentioned the Seven Sisters, and Torghatten, with its 
singular tunnel, just south of the Arctic circle; the Horseman, standing 
on the circle ; and the mountains of the Folden and Vestjords, north of 
i t : the latter having been justly described by the Rev. R. Everest as re
sembling the jaws of an immense shark.* 

* The speaker was greatly indebted to his friend B. F. Duppa, Esq., for beautiful 
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To account for the advent and subsequent disappearance of such vast 
masses of ice, various hypotheses have been propounded. I t has been 
suggested that the temperature of space is not uniform, and that our solar 
system, in performing its proper motion among the stars, sometimes passes 
through regions of comparatively low temperature : according to this hy
pothesis, the glacial epoch occurred during the passage of our system 
through such a cold portion of space. Some have imagined that the heat 
emitted by the sun is subject to variation, and that the glacial epoch hap
pened during what may be termed a cold solar period. Others, again, be
lieve that a different distribution of land and water would render the cli
mate of certain localities colder than it is at present, and would thus suffi
ciently account for the phenomena of the glacial epoch. Finally, Professor 
Kamtz considers that at the time of the glacial period the mountains were 
much higher than at present—Mont Blanc 20,000 feet for instance—the 
Secondary and Tertiary formations having been since eroded from their 
summits. 

The two last assumptions are attended with formidable geological diffi
culties, especially when it is considered that the phenomena of the epoch 
in question extended over the entire surface of the globe ; they have 
therefore never acquired more than a very partial acceptance. Wi th regard 
to the two first-named hypotheses, my colleague, Professor Tyndall, has 
recently shown that they are founded upon an entirely erroneous concep
tion of the conditions necessary to the phenomena sought to be explained. 
The formation of glaciers is a true process of distillation, requiring heat as 
much as cold for its due performance. The produce of a still would be 
diminished, not increased, by an absolute reduction of temperature. A 
greater differentiation of temperature is what is required to stimulate the 
operation into greater activity. Professor Tyndall does not suggest any 
cause for such exalted differentiation during the glacial epoch; but he 

roves conclusively that both hypotheses, besides being totally unsupported 
y cosmical facts, are not only incompetent to constitute such a cause, but 

also assume a condition of things which would cut off the glaciers at their 
source, by diminishing the evaporation upon which their existence essen
tially depends. 

The speaker divided the great natural glacial apparatus into three parts 
—viz. the evaporator, the condenser, and th« receiver. The part per
formed by the ocearT as the evaporator is too obvious to need description. 
The two remaining portions of the apparatus, however, are generally con
founded with each other. The mountains are in reality the receivers, or 
icebearers, and are only in a subordinate sense condensers. The true con
denser is the dry air of the upper region of the atmosphere, which permits 
of the free radiation into space of the heat from aqueous vapour.* 

All the hypotheses hitherto propounded having therefore failed, in the 
light of recent research, to account for the conditions which brought about 
the glacial epoch, the speaker felt less reluctance in advancing a new the
ory, which had gradually elaborated itself out of the impressions he had 
received during a recent visit to Norway. Any such theory must take 
cognizance of the following points in the history of the glacial epoch:—1st, 

coloured drawings of these remarkable objects, taken from the sketches of Professor 
James D. Forbes and Mr. Mattieu 'Williams. 

* This radiation from aqueous vapour was experimentally shown by causing a jet of 
dry steam to pass in front of, and at a distance of two feet from, a thermo-electric pile; 
the galvanometer connected with the latter promptly showed a large deflection for heat, 
proving that the pile was receiving radiant heat from the aqueous vapour. A jet of air 
heated in the same manner and projected in front of the pile produced no such effect. 

1 
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that its effects were felt over the entire globe. 2nd, that it occurred at 
a geologically recent period. 3rd, that it was preceded by a period of in
definite duration, in wnich glacial action was either altogether wanting, or 
was at least comparatively insignificant. 4th, that during its continuance 
atmospheric precipitation was much greater, and the height of the snow
line considerably less than at present. 5th, that it was followed by a 
period extending to the present time, when glacial action became again 
insignificant. 

All these conditions he believed to be the natural sequences of the gra
dual secular cooling of the surface of our globe. The sole cause of the 
phenomena of the glacial epoch was a higher temperature of the ocean than 
that which obtains at present. 

He then examined the grounds upon which this hypothesis is based. 
Numerous observations of the augmentation of temperature, at increasing 
depths from the surface of the earth, no longer leave room for doubt that 
the vast mass of materials constituting the interior of our globe is at the 
present moment at a temperature far higher than that of the surface. If 
this be so, the conclusion is almost inevitable, that at earlier periods of the 
earth's history this high temperature must, at all events at depths com
paratively little removed from the surface, have been still higher, and that 
consequently the temperature of the surface itself must in former ages 
have been much more influenced by the internal heat than is the case at 
the present day. Tracing thus back the thermal history of our earth, it 
is conceivable that the waters of the ocean once existed as aqueous vapour 
in our atmosphere,—a condition which it is imagined obtains at the present 
day in Jupiter, Venus, and Other planets, whose superior size or closer 
proximity to the sun may be supposed to have retarded the refrigeration 
of their surfaces. From the period, therefore, when the cooling of the 
earth's crust permitted the ocean to assume the liquid condition, its waters 
have gradually cooled from the boiling-point down to the present tempe
rature, whilst the land has also undergone a similar process of refrigera
tion. It ivas during the later stages of this cooling operation that the gla
cial epoch occurred. For this assumption, however, it is necessary to 
establish that the rate of cooling of the land and of the ocean surfaces was 
unequal, otherwise the more rapid evaporation of the ocean due to increased 
temperature would be more or less neutralized by the impaired efficiency 
of the propox'tionately warm icebearers. The speaker then proceeded to 
describe the results of his numerous experiments, which conclusively 
proved that, under the conditions contemplated, the land would cool more 
rapidly than the sea. This effect is brought about principally by two 
causes, viz. the great specific heat of water compared with granite and 
other rocks, and the comparative facility with which radiant heat escapes 
from granite through moist air. The amounts of heat associated with 
equal weights of water and granite are as 6 to 1 in favour of the former, 
or, if equal volumes be taken, the water requires to lose twice as much 
heat as the granite in order to cool through the same number of degrees : 
but it is in regard to the escape of radiant heat from their surfaces that 
the superior retention of warmth by the oceanic waters is most strongly 
marked. The readiness with which radiant heat escapes from equal sur
faces of water and granite at the same temperature through perfectly dry 
air is nearly equal; but so soon as aqueous vapour is interposed in the path 
of these rays, the conditions become wonderfully altered; the escape of 
heat from both is interrupted, but its radiation from the water is retarded 
in by far the greatest degree. This extraordinary intranscalency of aque
ous vapour to rays issuing from water has just been conclusively proved in 
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the physical laboratory of this Institution by researches made by Professor 
Tyndall, and not yet published. The difference between granite and water 
arising from this cause becomes vastly augmented when it is considered 
that the icebearing surfaces occupy an elevated position above the level of 
the sea, consequently the mantle of aqueous vapour which their radiant 
heat had to penetrate must have been much more attenuated than the 
comparatively dense shell lying between them and the surface of the ocean. 
Thus the obscure rays of heat streamed into space from the icebearing 
surfaces with comparatively little interruption, whilst the radiation from 
the sea was as effectually retarded as if the latter had been protected w ith 
a thick envelope of non-conducting material. 

Whether we take into consideration, therefore, the conductivity of 
water and granite, their specific heats, or, finally, the respective facilities 
with which they can, under the cosmical conditions contemplated, throw 
off their heat into space, we find everywhere a state of things tending 
much more to the conservation of the heat of the water than to the reten
tion of that of the land; and this of course applies also, mutatis mutandis, 
to the retention of that heat which is received from solar radiation. The 
luminous heat-rays of the sun pass freely through aqueous vapour, and 
are absorbed by both granitic* and oceanic surfaces, but, once absorbed, 
these rays issue forth again as obscure heat of two different qualities or 
rates of vibration. To use Tyndall's beautiful explanation of the pheno-: 
menon, the vibrations of the liquid water molecules are of such rapidity as 
can be best taken up and absorbed by the same molecules in the vapor
ous condition. But granite is a very complex substance, and fewer of the 
heat-oscillations of its atoms are in unison with those of aqueous vapour ; 
hence the heat-vibrations of granite disturb the molecules of aqueous va
pour in their passage through the atmosphere in a less degree, and conse
quently the granitic rays are less absorbed. 

Thus, whilst th'e ocean retained a temperature considerably higher than 
at present, the icebearers had undergone a considerably greater refrigera
tion. The evaporation from the ocean would therefore, at the period con
templated, be greater than it is at present, whilst the capabilities of the 
icebearers, as such, would not be perceptibly less. Moreover, it is evi
dent that, during the whole of the cooling period, the ocean must have 
been receiving heat from its floor, and thus have acted as a carrier of 
warmth from the comparatively profound portions of the earth's crust to 
the oceanic surface. I t thus resembled a mass of water contained in an 
evaporating basin, placed over a Very slow and gradually declining fire. 
Under such conditions its cooling was protracted through a vast period, 
allowing sufficient time, between a temperature inimical to animal life and 
the commencement of the glacittl epoch, to permit of the development and 
decay of those forms of animal life which existed in the preglacial seas. 

Temp. F. 

85° 
75° 
65° 
55° 
45° 
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GrainSi 
4'92 
3 Co 
262 
1-90 
1-36 
•95 

Evaporation 
per minute in 

Breeze. 
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649 
4-68 
337 
243 
1-75 
1-22 

Evaporation 
per minute in 
High Wind. 
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804 
572 
4-12 
2-98 
213 
1-49 
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The rate of evaporation of water at different temperatures and under 
various circumstances was determined by Dalton, whose results are em
bodied in the foregoing table. The evaporation took place in each case 
from a circular surface six inches in diameter. 

We have no sufficient data to calculate the present mean temperature of 
the ocean, but in lat. 69° 40' off the coast of Norway, at noon on a remark
ably hot summer's day, Professor Forbes found the temperature to be 
46-5° Fahr. The assumption of 40° Fahr. as the mean temperature off the 
coast of Norway, would therefore probably be in excess of the truth. Now, 
taking the mean of Dalton's results obtained at 35° and 45°, and comparing 
it with the mean of his results at 55° and 65°, it will be seen that an in
crease of 20° in the temperature of the ocean off the coast of Norway 
would double the evaporation from a given surface. Such an increased 
evaporation, accompanied as it necessarily must be by a corresponding 
precipitation, would suffice to supply the higher portions of the land with. 
that gigantic ice-burden which groaned down the mountain slopes during 
the glacial epoch. 

But would not the increased oceanic temperature tend to augment the 
mean temperature of the atmosphere even at considerable elevations, and 
thus raise the snow-line and reduce the area of perpetual snow P In an
swering this question, the speaker showed that the limit of perpetual 
snow does not depend so much upon the mean temperature of the atmo
sphere at that particular elevation, as upon the amount of snow accumulating 
during the cold season. Under the equator, the mean temperature of the 
snow-line is 35° Fahr.; in the Alps and Pyrenees, about 45° ; and in lat. 
68°, in Norway, it is only 21°. Thus the mean temperature of the snow-line 
rises as we approach the equator, which, means that the snow-line itself 
descends below its normal height, owing principally to augmented oceanic 
evaporation accompanied by increased atmospheric precipitation. The 
deluges of fain which fall within the tropics far surpass the rainfall in the 
temperate and frigid zones, and doubtless the fall of snow upon intertro
pical mountains is proportionately great. The important influence which 
the amount of precipitation exercises upon the lower limit of perpetual 
snow is beautifully exemplified at the fine waterfall of Tysse Strenger, 
near the head of the Hardanger Fjord, and was first noticed by Mr. M. 
Williams. The spray from this fall, being frozen in winter, covers the 
valley for nearly half a mile with a stratum of snow and ice, so thick as to 
defy the solar rays of summer to melt it; thus lowering the snow-line by 
more than 2000 feet. The speaker had also seen in the Sor Fjord, under 
similar abnormal conditions, a mass of snow lying, in the month of August 
last, within 10 feet of the level of the sea, although the normal snow-line 
is there at least 4500 feet above the sea-level. That the height of the 
snow-line is essentially dependent upon the amount of precipitation, and 

Latitude. 

60° 
62° 
64° 
66° 
68° 
70° 

Height of Snow-line in feet. 

Coast. 

5,500 
5,200 
4,200 
3,700 
3,450 
3,350 

Interior. 

4,450 
4,150 
3,650 
3,250 
3,000 
2,900 

Difference. 

1,050 
1,050 

550 
450 
450 
450 
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• jiot upon mean temperature, is evident from a comparison of its height on 
K the coast and in the interior of the Scandinavian peninsula, as given by 
B Forbes in the accompanying table, compiled partly from his own observa-
B tions, and partly from those of Von Buch, Naumann, and others. 
B . Thus the difference between the height of the snow-line near the coast, 
B where, owing to the impact of the gulf-stream, the winter is mild but the 
• atmospheric precipitation great, and in the interior, where the climate is 
K severe but the air comparatively dry, amounts in some cases to as much as 
B 1050 feet, or nearly one-fourth of the total height. Such is the depress-
B ing effect of greater precipitation as regards the limit of perpetual snow; 
B nor must it be forgotten that copious precipitation is altogether incompa-
B tible with great summer-heat. The incessantly clouded sky cuts off the 
B solar rays, and moderates the summer temperature. I t is a trite observa-
B tion, that a wet summer is always a cold one. The mean temperature of 

i the land in contiguity with such extensive surfaces of snow could also not 
: fail to be considerably reduced ; for although the actual amount of heat in 
1 activity at the surface of the earth was greater during the glacial period 

than subsequently, yet the cold of winter became stored up in masses of 
falling snow, which in melting absorbed the heat of the succeeding summer, 
and thus reduced both the mean and summer temperature of the land, es
pecially of such portions of it as were not situated greatly below the snow
line. The common notion, therefore, that the glacial epoch was a cold 
one, is correct, although heat, not cold, was the cause of that epoch. This 
apparent paradox, that heat should be the cause of cold, finds its parallel 

; in the ice-making machines which were in operation at the last Great Ex
hibition. In those machines which produced from 2 to 12 tons of ice per 
ton of coal, the glacial produce was directly proportional to the amount of 
heat developed by the combustion of coal. 

But it is evident that this lowering of the snow-line by increased oceanic 
temperature could only occur within certain limits ; for, although the 
mean temperature of the snow-line might rise from 21°, its present posi
tion in Norway, to 35°, its height under the equator, and perhaps even 
still higher, without any elevation of the snow-line itself, yet a further 

, rise of mean temperature, which would result from a continued augmen
tation of oceanic heat, could not fail to elevate the snow-line itself, and 
eventually to chase the last portions of snow even from the loftiest moun-

, tain peaks. A process the inverse of this has gone on in nature, leading 
gradually to the glacial epoch, and eventually to the present meteorolo
gical condition of our globe. Whilst the ocean maintained a high tem
perature, the snow-line floated above the summits, possibly even of the 
most lofty mountains ; but with the reduction of oceanic temperature it 

j. gradually descended, enveloping peak after peak in a perennial mantle, 
until during the glacial epoch it attained its lowest depression, whence it 
again rose, owing to diminished evaporation, to its present position. 

i The speaker considered that, inasmuch as recent researches had ren-
'- dered all previous hypotheses regarding the glacial epoch absolutely un

tenable, the one for which he now contended could not be said to come 
into antagonism with any other views. I t also further commended itself 
by requiring the assumption of no natural convulsion or catastrophe, no 
vast or sudden upheavals or depressions, and no change in the thermal re
lations of our earth to the sun or to space. On the contrary, it insisted 
that the glacial epoch was normally and gradually evolved from a thermal 
condition of the interior of our globe, which could scarcely be said to be 

I any longer the subject of controversy. 
I In conclusion, this hypothesis suggests the probability that the other 
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bodies belonging to our solar system have either already passed through a 
similar epoch, or are destined still to encounter it. With the exception of 
the polar ice of Mars, we have hitherto obtained no certain glimpse into the 
thermal or meteorological condition of the planets ; neither is the physical 
state of their surfaces accessible to our best telescopes. I t is otherwise how
ever with the moon, whose distance is not too great to prevent the visibility 
of comparatively minute details. A careful observation of the lunar surface 
for more than a year with a silvered-glass reflector of 7 inches' aperture 
and of good defining power, had created in the speaker's mind an impres
sion that our satellite had, like its primary, also passed through a glacial 
epoch, and that several, at least, of the valleys, rills, and streaks of the 
lunar surface were not improbably due to former glacial action. Notwith
standing the excellent definition of modern telescopes, it could not be ex
pected that other than the most gigantic of the characteristic details of an 
ancient glacier-bed would be rendered visible. Under favourable circum
stances the terminal moraine of a glacier attains to enormous dimensions; 
and, consequently, of all the marks of a glacial valley, this would be the 
one most likely to be first perceived. Two such terminal moraines, one of 
them a double one, appeared to him to be traceable upon the moon's sur
face. The first was situated near the termination of that remarkable 
streak which commences near the base of Tycho, and passing under the 
south-eastern wall of Bullialdus, into the ring of which it appears to cut, 
is gradually lost after passirfg crater 216 (Lubinietzky). Exactly opposite 
the last crater, and extending nearly across the streak in question, are two 
ridges forming the arcs of circles, whose centres are not coincident, and 
whose external curvature is towards the north. Beyond the second ridge 
a talus slopes gradually down northwards to the general level of the lunar 
surface, the whole presenting an appearance reminding the observer of the 
concentric moraines of the Rhone glacier. These ridges are visible for 
the whole period during which that portion of the moon's surface is illu
minated, but it is only about the third day after the first quarter and at 
the corresponding phase of the waning moon (when the sun's rays, fall
ing nearly horizontally, throw the details of this part of the surface into 
strong relief) that these appearances suggest the explanation now offered. 

The other ridge, answering to a terminal moraine, occurs at the northern 
extremity of that magnificent vall(?y which runs past the eastern edge of 
Rheita. This ridge is nearly semicircular, and is considerably elevated, 
both above the northern termination of the valley and the general sur
face of the moon. I t may be seen about four days after new and full 
moon, but the position of the observer, with regard to the lights and 
shadows, renders its appearance in the rays of the rising sun by far the 
most striking. 

With regard to the probability of former glacial, or even aqueous, 
agency on the surface of the moon, difficulties of an apparently very for
midable character present themselves. There is not only now no evidence 
whatever of the presence of water, in any one of its three forms, at the 
lunar surface; but, on the contrary, all seleniographic observations tend 
to prove its absence. Nevertheless, the idea of former aqueous agency in 
the moon is by no means new. I t was entertained by Gruithuisen and 
others. But if water at one time existed on the surface of the moon, 
whither has it disappeared ? If we assume, in accordance with the ne
bular hypothesis, that the portions of matter composing respectively the 
earth and the moon once possessed an equally elevated temperature, it 
almost necessarily follows that the moon, owing to the comparative small-
ness of its mass, would cool much more rapidly than the earth ; for whilst 
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the volume of the moon is only about TVth, its surface is nearly TVth that 
of the earth. 

This cooling of the mass of the moon must, according to all analogy, 
have been attended with contraction, which can scarcely be conceived as 
occurring without the development of a cavernous structure in the in
terior. Much of this cavernous structure would doubtless communicate 

means of fissures with the surface, and thus there would be provided 
an internal receptacle for the ocean, from the depths of which even the 
burning sun of the long lunar day would be totally unable to dislodge 
more than traces of aqueous vapour. A globe of wax was exhibited which 
had been cast under water; it was highly cellular, and the water had been 
forced into the hollow spaces, completely filling them. Assuming the 
solid mass of the moon to contract on cooling at the same rate as granite, 
its refrigeration through only 180° F. would create cellular space equal 
to nearly 14j millions of cubic miles, which would be more than sufficient 
to engulf the whole of the lunar ocean, supposing it to bear the same 
proportion to the mass of the moon as our own ocean bears to that of the 
earth. 

If such be the present condition of the moon, we can scarcely avoid the 
conclusion that a liquid ocean can only exist upon the surface of a planet 
so long as the latter retains a high internal temperature. The moon then 
becomes to us a prophetic picture of the ultimate fate which awaits our 
earth", when, deprived of an external ocean and of all but an annual rota
tion upon its axis,* it shall revolve round the sun an arid and lifeless 
wilderness,—one hemisphere exposed to the perpetual glare of a cloudless 
sun, the other shrouded in eternal night. 

NOTES AND QUERIES. 

GEOLOGY OP SHARPNESS.—The following passages, from a paper by Mr. 
John Jones, of Gloucester, read before the Cotteswold IDlub, are inter
esting:—"The district to which we shall chiefly direct attention at present 
is that which lies between Sharpness Point and the Hock Crib, at Fre-
therne (the ' Scearp-Nesse,' ' Acute Promontory,' and the ' Hock Crib,' or 
' curved lying-place'), comprising the ' New Grounds,' so called from 
their having been formed and reclaimed from the Severn at a very recent 
period. . . . 

" Crossing the wooden bridge, over the sluice which allows the waste 
waters of the canal to escape, we approach the place at which the ferry
boat from Pyrton, on the opposite side, lands its passengers ; the names of 
both being probably derived from the same Anglo-Saxon elements of Per-
tiin, ' the dwelling on the pier,' and evidencing the antiquity of the ferry, 
the rights pertaining to which are still strictly enforced by the lessee. An 
interesting chapter in practical geology may be read by the initiated from 
this spot. 

* Mayer has recently proved that the action of the tides tends to arrest the motion 
of the earth npon its axis. And although it has been proved that since the time of 
Hipparchus the length of the terrestrial day has not increased by the one-hundredth 
part of a second, yet this fact obviously leaves untouched the conclusion to which Mayer's 
reasoning leads. 
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